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INTRODUCTION
Work-related musculoskeletal disorders (WRMDs) are increasingly prevalent in the Malaysian workforce. The Social Security Organization of Malaysia reports that the number of cases involving musculoskeletal injuries is very high at 10 000 per year [1] .
If the risk of developing musculoskeletal symptoms is attributed to computer-related work, it definitely affects numerous workers since 61.4% of the workforce are highly dependent on computers in the workplace, according to a report from the National Institute of Occupational Safety and Health (NIOSH), Malaysia [1] .
The increasing popularity and use of computers, with their flat, light-touch keyboards, and related peripheral technologies (mouse, touch pads, etc.), have caused more common reporting of injuries and health problems. Over the years, computerbased technology has increased work intensity and created stressful and unhealthy working conditions inadvertently leading to an increase in WRMDs. Rapid increase in the use of advanced technology in the workplace has raised concern for the health and well-being of computer workers.
Numerous studies showed that computer users experienced musculoskeletal discomfort [2, 3, 4, 5, 6, 7, 8] and psychological stress [8, 9, 10] . WRMDs can significantly affect the occupational functions of all performance areas since the upper body, neck, back, and hand are vital parts of the body. Symptoms arising from underlying musculoskeletal disorders, which include pain, tingling, and numbness during use, are caused by "neural compression, inflammation of the muscle-tendon unit, and vascular alteration" (p. 767) [11] . In severe cases, symptoms can occur all the time [12] .
In addition, the World Health Organization (WHO) characterized work-related diseases as multifactorial to indicate that a number of risk factors (physique, work and organization, psychosocial, individual, and social culture) contributed to these ailments [13] . Many studies showed an association between the psychosocial work factors and adverse health effects in general, including musculoskeletal symptoms. Some recent reviews concluded that there was evidence of significant associations between psychosocial work factors (work demand, job control, job contentment, etc.) and musculoskeletal disorders among workers in general [14, 15, 16, 17, 18, 19] and also among office workers and computer users [5, 20, 21, 22, 23, 24, 25, 26, 27] . However, other researchers, e.g., Warren [28] , found the result somewhat contradictory. According to Warren, evidence for the relationship was inconclusive and the role of psychosocial work factors in the development of WRMDs symptoms was not yet clearly understood.
Additionally, many researchers indicated that the relationship between psychosocial work factors, work stress, and musculoskeletal discomfort could not be successfully examined in a cross-sectional study [31, 32] [33] led to the research design for this study. A diary study where the participants filled in questionnaires daily for a certain period was adopted. Diary studies have been used to study exploratory learning [34] , the use of paper in organizations [35] , work-related reading [36] , information capture at work [37] , and stress [33, 38, 39] . In addition, diary studies have been used to study computer use and worker stress [40] , and to examine the cumulative and chronic effect of computer users' daily hassles, e.g., computerrelated problems, worker stress, and psychosocial work factors.
In view of the contradictory evidence and the fact that WRMDs can have a major impact on a worker's health, function, performance, and productivity [29, 30] , this study was carried out to examine the relationship among psychosocial work factors, work stress, and work-related musculoskeletal discomfort. The objectives of the study were to determine
• the relationship between psychosocial work factors and work stress; • the relationship between psychosocial work factors and work-related musculoskeletal discomfort; • the relationship between work stress and musculoskeletal discomfort; and • whether work stress mediated the relationship between psychosocial work factors and workrelated musculoskeletal discomfort.
MATERIAL AND METHODS

Sampling
Thirty office workers in a university in Malaysia participated in a diary study of computer-related musculoskeletal discomfort, psychosocial work factors, and work stress. 
Questionnaire
The questionnaire used in this study consisted of questions that measured daily the psychosocial work factors taken from University of WisconsinMadison (UW) Office Worker Survey (OWS), specifically developed for office workers, particularly computer users [7] . The diary survey had to be short and fit on one page. Table 1 lists the different subdimensions of psychosocial work factors. The responses were marked on a 1-4 scale (1-none, 2-a little, 3-some, 4-a lot).
Also measured was the stress factor taken from the profile of a mood states survey [10, 41] . In this profile, fatigue and tension were used to measure stress since several studies showed a relationship between them and several psychosocial work factors [26, 42, 43] . The measure of three scales was developed from the profile of mood states [41] . The questions asked the participants to explain their feeling on the day of the study. The responses were marked on a 1-5 scale (1-not at all, 2-a little, 3-moderately, 4-quite a bit, 5-extremely).
Since this study mainly focused on work-related musculoskeletal discomfort, the measurement had to measure the intensity of discomfort in the back, neck, shoulder, left and right elbows, and left and right hand/wrists. The questions, scales, and the diagram showing the body part were adapted from the standardized NORDIC questionnaires [44] , which were used to study musculoskeletal symptoms and disorders. Their application was found to be useful in the evaluation of the various body stressors involved in the workplace. Notes. N-social-negative social.
The questions were directly related to the level of discomfort experienced by the individual worker. The subjects were asked to assess the level of discomfort, which was defined as pain, aching, stiffness, burning, tingling or numbness for each part of their body. The scale was the same as that for the stress factor. The questions asked the participants to explain their feeling on the day of the study. The responses were marked on a 1-5 scale (1-not at all, 2-a little, 3-moderately, 4-quite a bit, 5-extremely).
Finally, all three groups of questions were put together in a page-long questionnaire which comprised 30 questions: 16 on psychosocial work factors, 6 on work stress, and 8 on musculoskeletal discomfort. Each part of the survey was developed from existing questionnaires as described in the preceding paragraphs and was believed to be a suitable measure to examine the relationship among psychosocial work factors, work stress, and musculoskeletal discomfort.
Procedure
The procedure for the study included obtaining approval from the president of the university and selecting a random sample of computer workers. Thirty employees participated in this research. They received instruction and proper training in completing the questionnaires, which they then filled out during their normal working hours for four 5-day workweeks (i.e., for 20 days). The questionnaires were collected at the end of each day. Thus, there were 600 observations. Data were collected to make factor and regression analyses possible for the whole period. Regression analysis was done together for each variable.
RESULTS
Following the collection of data, descriptive statistics, reliability coefficients and factor analysis were used to examine the association among the psychosocial work factors (job demands, job control, job satisfaction, social interaction, and computer-related problems), work stress (fatigue and tension), and work-related musculoskeletal discomfort. In addition, multiple regression analysis and hierarchical regression were used to examine the relationship among these factors and to ascertain the predictors of work-related musculoskeletal discomforts. Analyses were carried out in SPSS version 13.
Factor Analysis and Reliabilities
Prior to examining the relationship among the factors and ascertaining the predictors of these factors, a principal component factor analysis with varimax rotation was carried out on the 16 items measuring psychosocial work factors. The result indicated six significant factors with a total variance explained of 67.69%. The Keizer-Meiyer Oklim (KMO) was .539, indicating sufficient intercorrelation to proceed with factor analysis; Bartlett's test for sphericity was significant (χ 2 = 3274.675, P < .001). These factors were job demands (4 items), social support (3 items), negative social interaction (2 items), job control (3 items), computer-related problems (2 items) and job content (2 items). Table 1 summarizes the results of factor analysis. Another factor analysis was undertaken to see the dimensionality of work stress. A singlefactor solution emerged explaining 61.48% of variance in the stress. The KMO measure of sampling adequacy was .830 indicating sufficient intercorrelation, and Bartlett's test of sphericity was significant (χ 2 = 1913.78, P < .001).
Finally, another factor analysis was carried out to confirm the dimensionality of workrelated musculoskeletal discomfort. A one-factor solution was revealed explaining 58.76% of the variance in musculoskeletal discomfort. The test of sphericity was significant (χ 2 = 3857.088, P < .001), and the KMO measure of sampling was .855, indicating sufficient intercorrelation.
Cronbach's α scores measure the internal consistency reliability for each factor. They are listed in Table 1 .
Hierarchical Regression Analysis
The relationships among psychosocial work factors, work stress and musculoskeletal disorders were tested using a multiple hierarchical regression analysis. This analysis presented the relationship between the variables in two steps. Firstly, psychosocial work factors were entered in step 1. Secondly, work stress was entered in step 2. Musculoskeletal discomfort was used as the dependent variable in the regression analysis. Table 2 summarizes the results of the analysis: six psychosocial work factors variables explained 60% of the variation on musculoskeletal discomfort. Three variables of psychosocial factors were found to have significant positive relationship with musculoskeletal discomfort: job demands, negative social interaction, and computer-related problems (β = -0.14, P < .01). When work stress was added in step 2, the additional variance explained was 61%. The Durbin-Watson value of 1.525 also fell between the acceptable ranges of 1.5-2.5, implying that there might be no autocorrelation problem in data. In other words, it indicated that the error term was independent. The results indicated variation inflation factors (VIF) were all under 10. The results in step 2 also indicated that job demands, negative social interaction, computerrelated problems, and work stress were positively associated with musculoskeletal discomfort.
Multiple Linear Regressions Between Psychosocial Work Factors and Work Stress
The results of the regression analysis for the relationship between psychosocial work factors and work stress indicated that three elements of psychosocial work factors (job demands, negative social interaction, and computer-related problems) were positively associated with work stress, and two elements (social support and job control) were negatively associated with work stress (Table 3) . The results also indicated that the six psychosocial work factors variables explained 37% of the variation in work stress. The DurbinWatson of 1.85 fell between the acceptable range (1.5 < D < 2.5). All five significant variables had very low VIF values (<10). Notes. *-significant at P < .01; n = 600 (F = 57.82, P < .01); R 2 = .37; N-social-negative social; β-standardized coefficient; VIF-variance inflation factor. Notes. *-significant at P < .01; β-standardized coefficient; n = 600; Durbin-Watson = 1.525; N-socialnegative social; VIF-variance inflation factor; sig.-significance.
Single Liner Regression Between Work Stress and Musculoskeletal Discomfort
Regression analysis between work stress and musculoskeletal discomfort found there was significant positive relationship between these two variables (β = 0.26, P < .01). Work stress explained 68% of the variation in musculoskeletal discomforts. The significant variable was found to have very low VIF values (<10). The DurbinWatson value of 1.83 also fell between the acceptable ranges of 1.5-2.5, implying that there might be no autocorrelation problem in data.
DISCUSSION
This study represents one of the first diary study investigations of the relationship among psychosocial work factors, work stress and WRMDs. It is the first study to explore the association between psychosocial work factors, work stress and musculoskeletal discomfort in computer users in Malaysia. The objective of the study was to examine the direct and indirect relationships between psychosocial work factors, work stress, and musculoskeletal discomfort. The results of the study support the direct relationship between psychosocial work factors and work stress, and between work stress and musculoskeletal discomfort. They also partially support the indirect relationship between psychosocial work factors and musculoskeletal discomfort.
The results of the reliability test show all the six variables that constitute psychosocial work factors have Cronbach's α score higher than the satisfactory level. Nunnally proposes that it is safe to work with reliabilities of .70 or higher [45] . The reliability tests and the factor loading on single items (work stress and musculoskeletal discomfort) could not be calculated because it stands a stand a single item for measurement [46] .
The result of this study points out five elements of psychosocial work factors (job demands, lack of job control, social support, negative social interaction, and computer-related problem) have significant association with work stress. Workers who report low job control or low social support are likely to report high work stress. In addition, participants who report high work demand, high negative social interaction or high computerrelated problems report high work stress.
The findings of the relationship between psychosocial work factors and work stress are consistent with some earlier studies. Previous studies on psychosocial work factors suggest that job demands [47, 48, 49] , job control [26, 50] , computer-related problems [42, 47] and social support [22, 51, 52] are related to work stress.
An important finding of this study is the relationship between negative social interaction and work stress. Very few studies have examined negative social interaction among computer users. Negative social interaction focuses on staff and client interaction. Maslach points out that staff-client interaction could lead to emotional exhaustion in which the staff person no longer has positive feeling, sympathy, or respect for clients [53] . Therefore, the significant relationship between negative social interaction and work stress (fatigue and tension) in our study of computer users and office workers is consistent with Maslach's suggestion. It is interesting to note that there was no significant association between job content and work stress in this study.
In addition to the relationship between psychosocial work factors and work stress, the relationship between psychosocial work factors and musculoskeletal discomfort is partially supported by the result of statistical analysis. Participants who experience high job demands, high negative social interaction or high computerrelated problem reported high musculoskeletal discomforts. Regarding the relationship between work stress and musculoskeletal discomforts, the findings show that work stress influences musculoskeletal discomforts. This finding is similar to the study by Conway [26] and Haufler, Feuerstein and Huang [54] who found a significant relationship between work stress and musculoskeletal discomforts.
The result shows that negative social interaction, computer-related problem, and job demands have a direct effect on musculoskeletal discomforts and also a direct effect on musculoskeletal discomforts through work stress.
Job control and social support have only a direct effect on musculoskeletal discomforts through work stress. Job content in our study does not have direct effect on musculoskeletal discomforts and musculoskeletal through work stress.
In this study, work stress serves as a mediator between psychosocial work factors and musculoskeletal discomforts. The mediator role of psychological work stress between psychosocial work factors and musculoskeletal discomfort seems consistent with the findings of Lim and Carayon [23] and Bongers et al. [31] In summary, traditional ergonomic risk factors such as repetition, force and posture have been postulated as the major contributors to WRMDs [55, 56, 57] . This study has demonstrated that psychosocial work factors can also have an effect on musculoskeletal discomforts and work stress. However, we feel that to fully understand the relationship between the variables help to prevent or control musculoskeletal discomforts, it is necessary to examine simultaneously musculoskeletal discomforts, psychosocial work factors and stress.
LIMITATIONS OF THE STUDY
There are limitations to this study. The subjects were from the same university department. There were only 30 of them and most of them were female. These workers worked in a closed environment; it is possible that they enjoyed their work and found job satisfaction in their day-today activities. Therefore, this situation might limit the extent to which the results can be generalized. 
